INTRODUCTION
Previously we have analysed the cell walls of alkalophlilic strains ofBacillus (Aono & Horikoshi, 1983) . The amounts of acidic compounds (e.g. uronic acids and acidic amino acids) found in the cell walls of group 2 strains were enhanced when the strains were cultured at an alkaline pH. This result suggested that the acidic polymers in the outermost layers in the group 2 bacteria should have a function in supporting growth at an alkaline pHI. The acidic polymers were extracted from Bacillus sp. strain C-125 (classified in group 2) and separated chromatographically into two fractions (Aono, 1985) . One is an -unknown polymer composed of mainly glucuronic acid and glutamic acid. The other is composed of glucuronic acid, galacturonic acid and an unidentified compound., This -compound was ninhydrin-positive, reducing-ability-positive and Elson-Morgan-reactionpositive after separation by cellulose t.l.c. Therefore the compound was thought to be some kind of amino sugar, and the polymer containing this amino sugar was assumed to be a teichuronic acid, This amino sugar could not be identified by cellulose t.l.c. as one of the usually available amino sugars from commercial sources.
The hydrochloride salt of the amino sugar was purified into crystalline form from a hydrolysate of the teichuronic acid. A preliminary analysis of the amino sugar suggested that it was a hexosamine. Analysis of the 400 MHz n.m.r. spectrum and measurement of the optical rotation revealed that the amino sugar was D-fucosamine. This paper presents data on purification and characterization of the amino sugar.
MATERIALS AND METHODS Purification of the amino sugar
The,teichuronic acid was prepared from cell walls of the alkalophilic Bacillus strain C-125 by extraction with 5% (w/v) trichloroacetic acid as described previously (Aono, 1985) . This organism, which is a producer of extracellular xylanase (Honda et al., 1985) A 7 mg portion of the amino sugar purified as described above was dissolved in 0.7 ml of 2H20. P.m.r. spectra were measured in a JEOL JHN-FX 400 FT n.m.r. spectrometer (400 MHz). Tetramethylsilane was used as an external standard.
The sample (6.3 mg) was dissolved in 1 ml of distilled water. The optical rotation of the solution was measured at 25 'C in a 10 cm-pathlength quartz cell in a Perkin-Elmer model 241 MC polarimeter.
* To whom correspondence should be addressed. Vol. 233 Chemical analysis Amino sugar was determined by the Elson-Morgan reaction as described previously (Aono, 1985) .
Avicel cellulose t.l.c. of the sample was carried out as described previously (Aono & Horikoshi, 1983) , with the solvents ethyl acetate/pyridine/water/acetic acid (5:5:3: 1, by vol.) and phenol/aq. 1 % (v/v) NH3 (2:1, v/v).
RESULTS AND DISCUSSION Purification of the amino sugar
The teichuronic acid dealt with in this paper is composed of glucuronic acid, galacturonic acid and N-acetylfucosamine (Aono, 1985) . Recovery of fucosamine was about 90% under the conditions ofhydrolysis, whereas both the uronic acids were destroyed to form a dark-brown insoluble material and were removed by filtration. Fucosamine hydrochloride was eluted from the column of Dowex 50 at 0.18-0.23 M-HCI (Fig. 1) . Cellulose t.l.c. revealed that this fraction contained a small amount ofother ninhydrin-positive compounds but no uronic acids. Fucosamine (60 lsmol) was purified by cellulose column chromatography and eluted at 340-390 ml of the solvent.
The eluent of the amino sugar was concentrated and gave a small volume of pale-yellow solution. The yellowish contaminant was precipitated by the addition of acetone to a final concentration of 80% (v/v) and removed by centrifugation. Acetone was added to the colourless supernatant to a final concentration of 98% Table 2 . This assignment was confirmed by decoupling experiments (results not shown). Moreover, the decoupling experiment revealed that a signal for H-I of the f6-anomer had been hidden by a large signal for 1H2HO and was present at the region 4.7-4.8 p.p.m. The doublet signals for H4 and the quartet signal for H-5 of the a-anomer were broader than the other signals. These were caused by the small spin-coupling between H-4 and H-5. The value of the coupling constant J4,5 was not determined accurately and was estimated to be below 0.5 Hz.
These data suggested, on the basis of the rule of Karplus (1959) , that the basal conformation of protons and carbons of the sample should be as shown in Fig. 3 . This structure is identical with that of fucose. The p.m.r. spectrum of authentic D-fucose was recorded under the same conditions to compare it with that of the sample. The values for chemical shift and spin-coupling constant obtained by measuring the n.m.r. spectrum offucose were identical with those previously reported for fucose measured at 300 MHz in 2H20 (De Bruyn et al., 1976) . Fucose and the sample had similar values for chemical shift and spin-coupling constant except for the chemicalshift values of H-2, as shown in Table 2 . These chemical-shift values ofH-2 ofthe sample were 0.4 p.p.m. lower than those of fucose. This difference in the chemical-shift values of H-2 suggested that the C-2 position of the sample should be amidated. Therefore the sample could be identified as 2-amino-2,6-dideoxygalactose, namely fucosamine. This suggestion was supported by the fact that the amino sugar was Elson-Morgan-reaction-positive. The following elemental analysis was shown: C, 35.13; H, 6.77; N, 6.82% (calc. for fucosamine hydrochloride, C,H,4CIN04: C, 36.10; H, 7.07; N, 7.02%). The isomerism of fucosamine purified from the teichuronic acid was determined by measurement of the optical rotation of the sample: [CX2 + 89.00 (c 0.62% in water) was found. This value was in good agreement with the value +91.00 previously reported for synthetic Dfucosamine hydrochloride . These results confirmed that the amino sugar discussed in this paper was D-fucosamine hydrochloride.
As far as we know, fucosamine is not available commercially and its n.m.r. spectrum has not been measured. We had to purify large amounts of the amino sugar in order to analyse it structurally. Although fucosamine appears rarely as a structural component of cell walls, D-and L-forms of fucosamine are known to occur in antigenic capsular polysaccharides or lipopolysaccharides of a number of bacteria. The D-form of fucosamine is known to be present in the polysaccharides of Bacillus licheniformis, Bacillus subtilis and Bacillus cereus (Wheat et (Crumpton & Davies, 1958) and Pseudomonas aeruginosa (Knirel et al., 1982) and the capsular polysaccharides of Staphylococcus aureus (Liau et al., 1974) . The L-form of the sugar is present in the antigenic capsular polysaccharides of Bacteroides fragilis (Kasper et al., 1983) , Streptococcus pneumoniae (Daoust et al., 1981) and Pneumococcus type V (Barker et al., 1961) . These antigenic capsular polysaccharides are well known to be strain-specific structures and to differ in different strains belonging to even the same species. Fucosamine is not always present in any of the strains of the bacteria mentioned above. For example, D-fucosamine has been found in Staphylococcus aureus M strain and a mutant T derived from its strain H, but has not been found in Smith diffuse strain (Haskell & Hanessian, 1964; Wu & Park, 1971; Liau et al., 1974; Fournier et al., 1984) . Therefore it should be not very significant taxonomically that D-fucosamine exists in the cell walls of the alkalophilic Bacillus strain C-125. D-Fucosamine, however, was extracted from the polysaccharides of Bacillus cereus, Bacillus subtilis and Bacillus licheniformis Wheat et al., 1964) . These facts suggest that Bacillus strain C-125 should belong to one of these or related species. Type 8 capsular polysaccharide of Staphylococcus aureus was reported to contain unidentified isomers of N-acetylfucosamine and N-acetylgalactosaminouronic acid, and was suggested to be similar to teichuronic acid in composition (Fournier et al., 1984) . The structures of the polysaccharides extracted from the species of Bacillus mentioned above are not known, though they might be teichuronic acids of some kind. However, the presence of D-fucosamine in teichuronic acids has not been clearly indicated. D-Fucosamine was subsequently recovered from the hydrolysate of a kind of teichuronic acid and proved to be a main component thereof (Aono, 1985) . It may be noted that the amount of the teichuronic acid containing D-fucosamine as a main constituent is enhanced in the cell walls of the organism grown at an alkaline pH.
